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INTRODUCTION
Data become the basic strategic resources of the country. The Platform for Action to Promote Big Data Development and the Big Data Industry Development Plan (2016-2020) issued by the State Council and the Ministry of Industry and Information Technology in 2015 have aroused strong repercussion. "Outline" points out that encouraging financial institution to strengthen and improve financial services, increase support for big data enterprises, and continue to enhance the prosperity of the big data industry. The Development Planning of Big Data Industry (2016-2020) [1] proposes that promoting the development of big data industry is of great significance to improving government governance ability, optimizing public services for people's livelihood, promoting economic transformation and innovation and development; studying and establishing an evaluation system for the development of big data industry is of great significance to the construction of big data resources, the degree of openness and sharing, the ability of industrial development and the level of application in China and other regions. It is of great significance to monitor, analyze and evaluate the development of the big data industry, compile and publish the development index of the big data industry, and guide and evaluate the development of the national big data.
As for the definition of big data industry, foreign scholars have not made a clear distinction between big data industry and big data. Laney [2] earlier proposed to use volume, variety and velocity to define big data. Later scholars improved the definition of big data from different perspectives. In addition, Gaff et al. [3] believes that in the development of the big data industry, the protection of big data privacy is very important, and the government should strengthen the protection. Johnson (2012) [4] put forward the formula of "Big Data + Big Analytics = Big Opportunities", pointing out that the two key driving factors of big data industry are big data and big data technology. Sun [5] , a domestic scholar, first defined the data industry. He believed that the data industry can be divided into broad sense and narrow sense. The broad sense of the data industry includes the information industry, while the narrow sense of the data industry only refers to the information processing industry and the information service industry. Zhong and Zhang [6] proposed that the big data industry is an information service industry based on the collection of a large amount of information through the internet, the internet of things, cloud computing and other channels. Document issued by Guizhou Province [7] points out that the big data industry refers to the synthesis of all economic activities related to the generation and agglomeration of big data, organization and management, analysis and discovery, application and service. The "Big Data Industry Development Plan (2016-2020)" [1] issued by the Ministry of Industry and Information Technology defines the Big Data Industry as the activities of data resource construction, development, sale and leasing of big data hardware and software products, and related information technology services. The definition of big data enterprises in this paper refers to Guizhou Province's "Outline of the Development and Application Planning of Guizhou's Big Data Industry" [7] , Ministry of Industry and Information Technology's "Development Planning of Big Data Industry (2016-2020), State Council's" Action Plan for Promoting Big Data Development" [8] and Hefei's definition of big data enterprises [9] : those engaged in big data storage, big data. According to data collection and management, big data analysis and mining, big data presentation and application, traditional industry big data fusion, forming the core independent intellectual property rights of enterprises, and on this basis, enterprises carrying out business activities can be identified as big data enterprises. As for the research on the efficiency of technological innovation, the academia generally believes that DEA is a mature and universal method to measure the efficiency of technological innovation. Cha and Cai [10] think the innovation ability and performance of big data enterprises are the important supporting force to cultivate the core competitiveness of big data industry. To carry out the research on innovation performance evaluation of big data enterprises is of great practical significance for promoting the healthy and sustainable development of China's big data industry. Cai [11] uses DEA to measure the comprehensive efficiency, pure technical efficiency and scale efficiency of innovation in the whole big data industry, and further analyses the influencing factors of innovation performance in the big data industry, so as to improve the effectiveness of innovation activities and decision-making basis for big data enterprises and promote the development of big data enterprises. Li [12] based on DEA-BCC, super-efficiency DEA and Malmquist index, empirically measures the operating performance of 36 big data enterprises in China from 2013 to 2016. The related research on big data enterprises is conducive to realizing the optimal allocation of big data enterprises' resources, saving expenditure, thus promoting the vigorous development of big data industry and contributing to the economic development of the country.
In summary, scholars have made fruitful achievements in the research of big data industry, and have carried out a lot of empirical research on the evaluation of technological innovation efficiency, and discussed in detail the evaluation index system and evaluation methods, which has great guiding significance. However, these studies rarely conduct in-depth research on big data enterprises, nor do they have literature to measure the technological innovation efficiency of big data enterprises. Therefore, this paper uses DEA to measure the technological innovation efficiency of listed big data enterprises, which is helpful for further in-depth study of big data enterprises.
DEA-BCC MODEL
DEA model is used to evaluate the relative efficiency of decision making units with multi-input and multi-output structure. DEA-BCC is based on increasing returns to scale or decreasing returns to scale. In 1984, Banker, Charnes and Cooper established four axioms of convexity, inefficiency, irradiation unrestricted and minimum extrapolation for the possible set of production. The concept of Shepherd distance function was introduced to decompose Technology Efficiency (TE) into Pure TE (PTE) and Scale Efficiency (SE), namely: TE = PTE * SE. This paper uses BCC model to measure the technological innovation efficiency of big data enterprises. Assuming that there are n production Decision Making Units (DMU), j = 1, 2, …, n, each DMU has m input x j = (x 1j , x 2j , …, x mj ) and s output y j = (y 1j , y 2j , …, y sj ), the efficiency evaluation model of the jth DMU is established by adding restrictions on the weight of l, and Il = 1,
Pure technical efficiency can be obtained from the objective function. Scale efficiency can be calculated from TE/PTE. PTE measures the distance between DMU and production frontier when scale reward is variable; SE measures the distance between production frontier when scale reward is variable and production frontier when scale reward is constant.
EMPIRICAL ANALYSIS

Evaluation Index System of Technological Innovation Efficiency and Sample Data
The definition of enterprise technological innovation efficiency is defined as: the utilization ratio of innovation resources invested by enterprises relative to the innovation results of output, reflecting the contribution degree of input resources of technological innovation to output, i.e., the allocation efficiency of technology innovation resources [13] . Therefore, the selection of technical innovation efficiency indicators for big data enterprises should take into account the input of innovation resources and the results of innovation output. Based on the principles of index system establishment, this paper establishes an index system which includes three input indicators and two output indicators when evaluating the technological innovation efficiency of big data enterprises. The evaluation index system of technological innovation efficiency of big data enterprises is shown in intellectual property, technology, management, brand, system and innovation ability, measure the promotion and protection of intangible assets to technological innovation.
The selection of big data enterprise, referring to the definition mentioned above, and combined with the main business scope published in the annual report, this paper selected 21 big data enterprises to evaluate their technological innovation efficiency. The index data come from the annual report of listed big data enterprises in 2017 and the State Intellectual Property Office.
The Evaluation Results of Technological Innovation Efficiency of Big Data Enterprises
As part of the index data is 0 or negative, while the DEA data need to be all positive, so the data need to be standardized. The standardized formulas for data are as follows:
Among them, Y is the index value after standardization; X max and X min are the maximum and minimum of a certain index respectively. X is the value of an index in a DMU, i.e., the original value. Standardized values range from 0 to 1. Then using DEAP Version 2.1 software; the DEA evaluation values of technological innovation efficiency of big data enterprises are calculated. Software calculates the input redundancy value and output deficiency value as shown in Table 2 . Pure technical efficiency reflects the production efficiency of input factors of DMU under certain conditions (optimal scale). PTE is influenced by management and technology, and reflects the utilization rate of resources. PTE is equal to 1, which means that resources have been fully utilized at the current level of technology; or there is a waste of resources. In 2017, the PTE of ZTE, Haikvision, Si-Tech, Dahua Technology, Vastdata and Goodix Technology reached 1, [14] . Taking Navinfo as an example, in 2017, if the amount of R&D input is reduced by 487.52 million yuan, R&D personnel are reduced by about 1437 people, capitalized R&D investment is reduced by 54.3%, while the number of patents applied for invention is increased by 1.67%, and the Navinfo can achieve DEA validity. There are great differences in the number of R&D personnel and R&D input among big data enterprises. Some enterprises have big redundancy in R&D input, which indicates that enterprises may have blind investment, redundancy of personnel and insufficient output, which needs to be paid attention to by enterprises.
Efficiency Analysis and Analysis of Input Redundancy and Output Insufficiency
CONCLUSION
This paper uses DEA-BCC to measure the technological innovation efficiency of big data enterprises. Specifically, firstly, it establishes the index system of input and output, standardizes the index data, and uses DEAP Version 2.1 software to measure the technological efficiency, PTE, scale efficiency, scale reward, input redundancy and output deficiency of big data enterprises, and makes analysis. Empirical research finds that: big data enterprises are not effective as a whole; there are not many big data enterprises with high technical efficiency and scale efficiency, only 6; PTE of big data enterprises is slightly higher than technical efficiency and scale efficiency; from the perspective of scale compensation, most big data enterprises should continue to expand their scale to ensure that the size of enterprises matches input and output.
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